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RADIO CONTROL DEVICE HAVING 
CRYSTAL HIGH FREQUENCY MODULE 

AND HIGH FREQUENCY PHASE 
LOCKLOOP FOR SELECTIVE USE, 
MODULES DETACHABLY MOUNTED 

BACKGROUND OF THE INVENTION 

This invention relates to a radio control device for 
remotely controlling a controlled unit or a radio control 
model mounted with a receiver such as, for example, a 
model airplane, a model vehicle, a model ship or the like by 
radio transmission from a transmitter, and more particularly 
to a radio control device for carrying out remote control of 
a radio control model by radio transmission, a transmitter 
constituting a transmission section of the radio control 
device, a high frequency module and a pulse generating unit 
each incorporated in the transmitter, and a receiver mounted 
on the radio control model and constituting a receiving 
section of the radio control device. 

In general, in radio control device for carrying out remote 
control of a radio control model, an amplitude modulation 
system (hereinafter referred to as “AM system”) and a 
frequency modulation system (hereinafter referred to as 
“FM system”) are known as a modulation system for modu 
lating a main canier applied to remote control of the radio 
control model by radio transmission and receiving. Also, a 
pulse position modulation system (hereinafter referred to as 
“PPM system") and a pulse code modulation system (here 
inafter referred to as “PCM system”) are known as a signal 
modulation system for modulating the main carrier. 

Each country de?nes by law a signal carrier for control by 
remote radio transmission and receiving. The law causes the 
radio control device to be subject to regulation on a usable 
frequency hand. For example, Japan regulates that bands of 
27 MHZ and 40 MHZ are usable frequency bands for remote 
control. Further, a predetermined number of frequencies are 
allowed in each of the usable frequency bands. 
More particularly, in the case of the 27 MHZ band, twelve 

band sections are de?ned at every 50 KHZ interval in an area 
between 26.995 MHZ and 27.245 MHZ as shown in Table 1. 
In Table 1, A band section No. 12 commonly uses 27.245 
MHZ and 27.255 MHZ. 

TABLE 1 

27 IVIHZ Band 

Band Section No. Frequency (MHZ) 

26.975 
26.995 
27.025 
27.045 
27.075 
27.095 
27.125 
27.145 
27.175 
27.195 
27.225 
27.245 
27.255 

Likewise, in the case of the 40 MHZ band, thirteen band 
sections are de?ned at every 20 KHZ interval in an area 
between 40.61 MHZ and 40.85 MHZ as shown in Table 2. 
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TABLE 2 

4o MHZ Band 

Band Section No. Frequency (MHZ) 

61 40.61 
63 40.63 
65 40.65 
67 40.67 
69 40.69 
71 40.71 
73 40.73 
75 40.75 
77 40.77 
79 40.79 
81 40.81 

l 83 40.83 

85 40.85 

According to a law provided in the United States of 
America, a band of 72 MHZ is divided into ?fty band 
sections at every 20 KHZ interval in an area between 72.01 
MHZ and 72.99 MHZ. Germany provides a similar regula 
tion on a usable frequency band. 

In view of the above, the conventional radio control 
device is so constructed that a so-called high frequency 
module which is a circuit component formed by modular 
izing a high frequency circuit for determining a frequency 
band of a carrier and/or its kind can be readily incorporated 
in a rear side portion of a transmitter body. Thus, accom 
modation to a change in frequency band of a carrier is 
carried out by preparing a high frequency module depending 
on a frequency band allowed by each country and exchang 
ing a crystal oscillator of a predetermined oscillating fre 
quency called a crystal. 

Also, in the conventional radio control device, much 
eifort is directed to development of a frequency synthesizer 
system which utilizes a phase-locked loop (hereinafter 
referred to as “PLL circuit”) circuit as the means for 
changing a frequency of a signal carrier. 
The frequency synthesizer system utilizing the PLL cir 

cuit is adapted to set a variety of frequencies by changing a 
dividing ratio of an oscillating frequency. Unfortunately, use 
of the frequency synthesizer is restricted by the law of each 
of the countries. I 

For example, in Japan, self-imposed control regulations 
on a carrier frequency in a band of 40 MHZ were established 
by “Standard of Certi?cation and Quali?cation of Conform 
ance to Recommended Standard of Transmitter for Radio 
Control (Noti?cation No. 895 of the Ministry of Posts and 
Telecommunications dated Nov. 24, 1984)”, so that a trans 
mitter for a radio control device is required to meet the 
regulations. The regulations provide that “an oscillating 
system must be a crystal type transmission system”, there 
fore, it is impossible to employ the frequency synthesizer 
system. 

Likewise, in each of countries which lack provisions on 
such a transmission system, any frequency other than that 
allowed by the country cannot be used even if it allows the 
use of the frequency synthesizer system. 
As will be noted from the above, the countries are 

different in laws such as regulations on a usable frequency 
band and a transmission system from each other. In view of 
such a difference, it would be considered that the transmitter 
is constructed so as to be accommodated to a frequency band 
allowed by each of the countries. However, this requires to 
prepare a number of transmitters depending on the countries, 
because applicability of the frequency synthesizer system is 
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varied depending on the countries as described above. Also, 
even if a certain country allows use of the frequency 
synthesizer system, it is required to construct the transmitter 
so that a frequency other than that in a frequency band 
allowed by the country may not be used. 

Further, in the transmitter for the radio control device, as 
described above, the system for modulating a main carrier 
for remotely controlling a radio control model includes the 
AM system and FM system. Also, the system for converting 
a signal for modulating the main carrier includes the PPM 
system and PCM system. In this instance, a pulse position 
modulating signal (hereinafter referred to as “PPM wave”) 
used for the transmitter is processed by arranging one-shot 
pulse of a predetermined width (for example, 450 psec) in a 
serial manner and varying a position of each of the pulses, 
to thereby change a width of an output pulse of a transmis 
sion channel, resulting in an output of a receiver being 
controlled. _ 

It is often desired that the radio control device concur 
rently carries out radio control of a plurality of controlled 
units in the same region. In this case, when frequencies for 
driving the controlled units are the same, there is a possi 
bility that radio interference occurs between the controlled 
units, so that it is required to change the frequencies. Such 
a change in frequency is conventionally carried out by 
exchanging crystal oscillators so as to permit usable basis to 
differ from each other. 

However, the change in frequency by exchange of the 
crystal oscillator causes an operator to always carry crystal 
oscillators different in frequency in order to avoid radio 
interference with another operator. In order to eliminate such 
a disadvantage, an effort is directed to development of a 
transmitter which is so constructed that the above-described 
PLL circuit which is generally used in the ?eld of commu» 
nications is incorporated therein to facilitate setting and 
changing of a required frequency without any exchange of 
circuit parts. 

For example, a transmitter having such a PLL circuit 
incorporated therein which is manufactured according to the 
US. speci?cations is constructed in such a manner that 
when it is subject to modulation under the conditions that a 
time period in one frame Tl, a one-shot pulse width T2, a 
channel pulse width T2 of each of channels near a neutral 
position and a central frequency F0 are set to be 22.5 msec, 
450 psec, 1520 usec, 72.79 MHz and $1.5 KHz, respec 
tively, and a time constant of a low pass ?lter in the PLL 
circuit is su?‘iciently increased, a time period of F0+l.5 KHz 
and that of F0——1.5 KHz are repeated by 3600 psec and 
18900 usec at every one frame, respectively. 

In other words, when the PLL circuit is thus incorporated 
in the transmitter, lots of time is required for modulation on 
a negative side of the central frequency F0, so that a loop of 
the PLL circuit is operated to cause an output frequency of 
a voltage control oscillator to approach the central frequency 
F0 as much as possible, to thereby push up the central 
frequency F0 rather high. 

This results in causing a deviation in the central frequency 
F0 which has been subject to PPM modulation. Also, the 
deviation is gradually increased with an increase in ratio of 
depth of the modulation with respect to the central frequency 
F0. Such an increase in central frequency F0 leads to a 
region overlapping an adjacent frequency corresponding 
thereto in another channel, to thereby cause a possibility of 
radio interference, resulting in a failure in remote control of 
the controlled unit with high accuracy. 

Further, in the radio control unit of the frequency synthe 
sizer system in which the PLL circuit is incorporated in the 
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transmitter, changing-over of the frequency can be relatively 
readily carried out, for example, by changing over a dip 
switch to change a dividing ratio of a divider. However, the 
radio control device is constructed so that a receive fre 
quency of the receiver is automatically changed over when 
ever the dividing ratio of the divider is changed due to 
changing-over of the switch during operation of the radio 
control device. 

Therefore, changing-over of the switch due to any action 
on the controlled unit causes the dividing ratio to be auto 
matically changed to lead to changing—over of the receive 
frequency, to thereby cause the receive frequency of the 
receiver to fail to coincide with a transmission frequency of 
the transmitter, resulting in failing in remote control of the 
controlled unit. The above-described action on the con 
trolled unit includes, when the controlled unit is a model 
vehicle, vibration applied to a body of the vehicle due to 
unevenness of a road surface during traveling of the vehicle 
and vibration of an engine mounted on the body. Also, the 
action includes misoperation after the receive signal is set 
once. 

SUMMARY OF THE INVENTION 

The present invention has been made in view of the 
foregoing disadvantages of the prior art. 

Accordingly, it is an object of the present invention to 
provide a radio control device which is capable of eliminat 
ing the above-described disadvantages encountered with the 
conventional radio control device. 

It is another object of the present invention to provide a 
transmitter for a radio control device which is capable of 
commonly using a transmitter body, selectively using a 
conventional crystal system and a conventional frequency 
synthesizer system including a PLL circuit as desired by a 
simple operation of merely replaceably mounting a high 
frequency module having a high frequency circuit incorpo 
rated therein on the transmitter body, and permitting a 
channel frequency usable in only a country in which the 
radio control device is used to be readily set to carry out 
remote control of a controlled unit with high accuracy. 

It is a further object of the present invention to provide a 
high frequency module for a transmitter for a radio control 
device which is capable of permitting a frequency in a 
frequency band usable in only a country in which the radio 
control device is used to be readily set. 

It is still another object of the present invention to provide 
a pulse generating unit for a transmitter for a radio control 
device which is capable of decreasing a deviation in central 
frequency during PPM modulation by means of a PLL 
circuit in the transmitter to improve side band characteristics 
thereof. 

It is a still further object of the present invention to 
provide a receiver for a radio control device which is capable 
of permitting a frequency selected at the time of rising of a 
power supply to be ?xedly as a receive frequency, to thereby 
prevent the receive frequency thus set once from being 
intentionally or accidentally changed until the power supply 
is subsequently turned off. 

In accordance with one aspect of the present invention, a 
radio control device is provided. The radio control device 
includes a transmitter in which a crystal type high frequency 
module equipped with a high frequency circuit correspond 
ing to a frequency band of a carrier and a high frequency 
module for phase-locked loop (hereinafter referred to as 
“PLL high frequency module”) equipped with the high 
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frequency circuit, as well as a PLL circuit for controlling a 
frequency of the carrier depending on a phase difference 
between the carrier and a reference signal of an oscillator are 
detachably mounted. The transmitter is provided with a 
pulse generating unit including a pulse width operating 
means and a PLL wave output means. The pulse width 
operating means operates, depending on channel frequency 
data, each of pulse data having a one-shot pulse width of 
each of channels of a PPM wave for a main carrier of which 
an oscillation frequency is controlled depending on a phase 
difference between the reference signal and a dividing signal 
and a reset pulse width thereof. The PLL wave output means 
changes a duty ratio of the PPM wave to a desired value 
depending on the pulse data operated by the pulse width 
operating means and outputting it. The radio control device 
also includes a receiver employing a frequency synthesizer 
system in which a PLL circuit for controlling an oscillation 
frequency depending on a phase difference between the 
reference signal and the oscillation frequency is used. The 
receiver includes a frequency selecting means for selecting 
a required frequency from a plurality of predetemiined 
frequency data and a frequency setting means for ?xedly 
setting a receive frequency on the frequency selected by the 
frequency selecting means when a power supply is turned 
on. Thus, an output of the receiver is controlled by a 
transmission wave formed by modulating the PLL wave 
output from the transmitter which has been changed to the 
desired duty ratio and the main carrier. 

In the radio control device of the present invention 
constructed as described above, the crystal type high fre 
quency module which is equipped with the high frequency 
circuit corresponding to the frequency band of the carrier 
and the PLL high frequency module which is equipped with 
the high frequency circuit and the PLL circuit for controlling 
the frequency of the carrier depending on the phase di?’er 
ence between the carrier and the reference signal of the 
oscillator are detachably mounted in the transmitter body. 
Such construction permits the crystal type high frequency 
module and PLL high frequency module to be selectively 
used as desired and the transmission data to be output by 
means of the carrier of a desired frequency set depending on 
the high frequency module thus selectively mounted. Also, 
the receiver employs the frequency synthesizer system in 
which the PLL circuit for controlling the oscillation fre 
quency depending on a phase difference between the refer 
ence signal and the oscillation frequency is used and 
includes the frequency selecting means for selecting a 
required frequency from a plurality of predetermined fre 
quency data and the frequency setting means for ?xedly 
setting the receive frequency on the frequency selected by 
the frequency selecting means when the power supply is 
turned on, so that a required frequency may be selected by 
the frequency selecting means and the receive frequency is 
?xedly set on the frequency selected due to a variation in 
dividing number of a frequency demultiplier in the PLL 
circuit. Thus, a PPM signal can be output while being kept 
its duty ratio changed to a desired value, resulting in the 
remote control being carried out with increased accuracy. 

In accordance with another aspect of the present inven 
tion, a transmitter for a radio control device is provided. The 
transmitter includes a transmitter body, a crystal type high 
frequency module equipped with a high frequency circuit 
corresponding to a frequency band of a carrier and detach 
ably mounted in the transmitter body, and a PLL high 
frequency module equipped with the high frequency circuit, 
as well as a PLL circuit for controlling a frequency of the 
carrier depending on a phase difference between the carrier 
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6 
and a reference signal of an oscillator and detachably 
mounted in the transmitter body. The transmitter body 
includes a ?rst terminal section electrically connected to the 
high frequency circuit of the crystal type high frequency 
module or PLL high frequency module when the crystal type 
high frequency module or PLL high frequency module is 
mounted in the transmitter body and a second terminal 
section electrically connected to the PLL circuit of the PLL 
high frequency module only when the PLL high frequency 
module is mounted in the transmitter body. Thus, transmis 
sion data are output by the carrier of a desired frequency 
which is set depending on data output from the high fre 
quency module mounted in the transmitter body. 

In the transmitter of the present invention constructed as 
described above, the crystal type high frequency module 
which is equipped with the high frequency circuit corre 
sponding to the frequency band of the carrier and the PLL 
high frequency module which is equipped with the high 
frequency circuit and the PLL circuit for controlling a 
frequency of the carrier depending on the phase difference 
between the carrier and the reference signal of the oscillator 
are detachably mounted in the transmitter body. Also, the 
transmitter body includes the ?rst terminal section electri 
cally connected to the high frequency circuit of the crystal 
type high frequency module or PLL high frequency module 
when the crystal type high frequency module or PLL high 
frequency module is mounted in the transmitter body and the 
second terminal section electrically connected to the PLL 
circuit of the PLL high frequency module only when the 
PLL high frequency module is mounted in the transmitter 
body. Thus, the transmission data are output by the carrier of 
a desired frequency which is set depending on data output 
from the high frequency module mounted in the transmitter 
body. 

In accordance with this aspect of the present invention, a 
transmitter for a radio control device is provided which 
includes a transmitter body and a PLL high frequency 
module comprising a high frequency circuit arranged so as 
to correspond to a frequency band of a carrier and a PLL 
circuit for controlling a frequency of the carrier depending 
on a phase difference between the carrier and a reference 
signal of an oscillator, in which the PLL high frequency 
module is mounted in the transmitter body to set a frequency 
of the carrier. The PLL high frequency module includes a 
frequency data storing means for storing band data indicat 
ing frequency bands which can be used for remotely con 
trolling a controlled unit. The transmitter body includes a 
data storing means for storing therein a plurality of channel 
frequency data de?ned in each of the frequency bands, a data 
reading means for reading the band data when the high 
frequency module is mounted in the transmitter body, a 
frequency settingmeans for setting, from the read band data, 
one channel frequency data corresponding to the band data 
read by the data reading means, and an output means for 
outputting transmission data by the carrier of which a 
frequency has been controlled by the PLL circuit and 
changed depending on the channel frequency data set by the 
frequency setting means. 

In the transmitter of the present invention constructed as 
described above, the PLL high frequency module includes 
the frequency data storing means for storing the band data 
indicating the frequency bands which can be used for 
remotely controlling a controlled unit. When the high fre 
quency module is mounted in the transmitter body, the data 
reading means reads the channel frequency data of the PLL 
high frequency module and the frequency setting means sets 
one channel frequency data from the read channel frequency 
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data, so that the output means outputs transmission data by 
means of the canier of which a frequency has been con 
trolled by the PLL circuit and changed depending on the 
channel frequency data set by the frequency setting means. 

In accordance with this aspect of the present invention, a 
transmitter for a radio control device is provided which 
includes a transmitter body and a PLL high frequency 
module comprising a high frequency circuit arranged so as 
to correspond to a frequency band of a carrier and a PLL 
circuit for controlling a frequency of the carrier depending 
on a phase difference between the carrier and a reference 
signal of an oscillator, in which the PLL high frequency 
module is mounted in the transmitter body to set a frequency 
of the carrier. The PLL high frequency module includes a 
frequency data storing means for storing channel frequency 
data in frequency bands which can be used for remotely 
controlling a controlled unit. The transmitter body includes 
a data reading means for reading the channel frequency data 
when the high frequency module is mounted in the trans 
mitter body, a frequency setting means for setting, from the 
channel frequency data read by the data reading means, one 
channel frequency data, and an output means for outputting 
transmission data by the carrier of which a frequency has 
been controlled by the PLL circuit and changed depending 
on the channel frequency data set by the frequency setting 
means. 

In the transmitter of the present invention thus con 
structed, the PLL high frequency module includes the fre 
quency data storing means for storing channel frequency 
data in the frequency bands which can be used for remotely 
controlling a controlled unit. When the high frequency 
module is mounted in the transmitter body, the data reading 
means reads the channel frequency data of the PLL high 
frequency module and the frequency setting means sets one 
channel frequency data from the read channel frequency 
data, so that the output means outputs transmission data by 
means of the carrier of which a frequency has been con 
trolled by the PLL circuit and changed depending on the 
channel frequency data set by the frequency setting means. 

In accordance with a further aspect of the present inven 
tion, a PLL high frequency module for a transmitter for a 
radio control device is provided. The PLL high frequency 
module includes a PLL circuit arranged in a transmitter body 
of the transmitter for controlling a frequency of a carrier 
depending on a phase diiference between the carrier and a 
reference signal of an oscillator and a storing means for 
storing data for variably controlling the frequency of the 
canier. 

In the PLL high frequency module of the present inven 
tion thus constructed, the PLL high frequency module is 
detachably mounted in the transmitter body and includes the 
PLL circuit arranged in the transmitter body for controlling 
the frequency of the carrier depending on the phase diifer 
ence between the carrier and the reference signal of the 
oscillator and the storing means for storing data for variably 
controlling the frequency of the carrier. Thus, the crystal 
type model and the module of the frequency synthesizer 
module can be selectively used depending on the channel 
frequency data set by the transmitter body. 

In accordance with still another aspect of the present 
invention, a pulse generating unit for a transmitter for a radio 
control device is provided. The pulse generating unit 
includes a pulse width operating means for operating, 
depending on channel frequency data, each of pulse data 
having a one-shot pulse width of each of channels of a PPM 
wave for modulating a main carrier of which an oscillation 
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frequency is controlled depending on a phase difference 
between the reference signal and a dividing signal and a 
reset pulse width thereof and a PLL wave output means for 
changing a duty ratio of the PPM wave to a desired value 
depending on the pulse data operated by the pulse width 
operating means and outputting it. Thus, the transmitter 
controls an output of a receiver by a transmission wave 
obtained by modulating the PLL Wave which has been 
changed to the desired duty ratio and the main carrier. 
The pulse generating unit of the present invention, as 

described above, includes the pulse width operating means 
for operating, depending on channel frequency data, each of 
pulse data having the one-shot pulse width of each of 
channels of the PPM wave for modulating the main carrier 
of which an oscillation frequency is controlled depending on 
the phase difference between the reference signal and the 
dividing signal and the reset pulse width thereof and the PLL 
wave output means for changing a duty ratio of the PPM 
wave to a desired value depending on the pulse data operated 
by the pulse width operating means and outputting it, so that 
the transmitter controls the output of the receiver by the 
transmission wave obtained by modulating the PLL wave 
which has been changed to the desired duty ratio and the 
main carrier. Thus, the pulse width operating means can 
operate the one-shot pulse width of each of channels of the 
PPM wave for modulating the main carrier of which an 
oscillation frequency is controlled depending on the phase 
difference between the reference signal and the dividing 
signal and the reset pulse width thereof and the PLL wave 
output means can change the duty ratio of the PPM wave to 
a desired value depending on the pulse data operated by the 
pulse width operating means and output it. 

In accordance with a still further aspect of the present 
invention, there is provided a receiver for a radio control 
device of a frequency synthesizer system in which a PLL 
circuit for controlling an oscillation frequency depending on 
a phase difference between a reference signal and the 
oscillation frequency is used. The receiver includes a fre 
quency selecting means for selecting a predetermined fre 
quency from a plurality of predetermined frequency data and 
a frequency setting means for ?xedly setting a receive 
frequency to a frequency selected by the frequency selecting 
means. 

Thus, in the receiver of the present invention, the fre 
quency selecting means selects the predetermined frequency 
and the frequency setting means ?xedly sets the receive 
frequency to the frequency selected by the frequency select 
ing means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and many of the attendant advan 
tages of the present invention will be readily appreciated as 
the same becomes better understood by reference to the 
following detailed description when considered in connec 
tion with the accompanying drawings; wherein: 

FIG. 1 is a block diagram showing a circuit structure of 
a transmitter for a radio control device according to an 
embodiment of the present invention; 

FIG. 2(a ) is a front elevation view showing an example 
of a high frequency module of the crystal type incorporated 
in the transmitter shown in FIG. 1; 

FIG. 2(b) is a bottom view of the high frequency module 
shown in FIG. 2(a); 

PIG. 2(0) is a front elevation view showing a PLL high 
frequency module incorporated in the transmitter of FIG. 1; 
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FIG. 2(d) is a bottom view of the high frequency module 
shown in FIG. 2(a); 

FIG. 3(a) is a sectional view showing connection between 
a body of the transmitter shown in FIG. 1 and the crystal 
type frequency module shown in FIG. 2(a); 

FIG. 3(b) is a sectional view showing connection between 
a body of the transmitter shown in FIG. 1 and the PLL high 
frequency module shown in FIG. 2(c); 

FIG. 4 is a block diagram showing a circuit structure of 
a transmitter for a radio control device according to another 
embodiment of the present invention and a pulse generating 
unit for the transmitter; 

FIG. 5(a) is a wave form chart showing a PPM wave of 
the pulse generating device shown in FIG. 4; 

FIG. 5(b) is a wave form chart showing a PPM wave of 
a conventional pulse generating device; 

FIG. 6 is a wave form chart showing modulation waves of 
the transmitter shown in FIG. 4 and a conventional trans 
mitter; ' 

FIG. 7 is a block diagram showing a circuit structure of 
a receiver for a radio control device according to a further 
embodiment of the present invention; 

FIG. 8 is a schematic view showing an appearance of the 
receiver of FIG. 7; and 

FIG. 9 is a ?ow chart showing an example of frequency 
setting operation in the receiver of FIG. 7. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Now, a radio control device according to the present 
invention will be described hereinafter with reference to the 
accompanying drawings. 

Referring ?rst to FIGS. 1 to 3(b ), a transmitter for a radio 
control device according to an embodiment of the present 
invention and a high frequency module for the transmitter 
are illustrated. 

The transmitter for the radio control device of the present 
invention, as shown in FIG. 1, includes a transmitter body 
11, which has two kinds of high frequency modules 12 or a 
crystal type high frequency module 12A and a PLL high 
frequency module 12B are detachably incorporated or 
mounted therein. The transmitter body 11 also includes a 
power supply 13, a channel data input means 14, an analog 
to-digital (A/D) conversion means 15, a frequency setting 
means 16, a data storing means 17, a control means 18, a 
modulation signal output means 19, a radio frequency (RF) 
signal output means 20 and an output antenna 21. The 
control means 18 may typically comprise a central process 
ing unit (CPU) 18. 
The channel data input means 14 includes a volume 

provided in correspondence to each of a plurality of chan 
nels in a manner to pemiit an output voltage value thereof to 
be varied in association with a control stick (not shown) 
mounted on the transmitter body 11 and control function 
selecting switches provided in correspondence to the chan 
nels so as to actuate controlled elements of a controlled unit. 
The control function selecting switches, when the controlled 
unit is a model airplane, include a switch for actuating a 
retractable landing gear, a ?ap actuating switch, a spoiler 
actuating switch and the like. The data channel input means 
14 thus constructed is adapted to selectively feed an analog 
signal corresponding to the amount of variation of the 
volumes and an actuation signal depending on operation of 
the control function selecting switches to the A/D conver 
sion means 15 while selectively changing over both signals. 
The A/D conversion means 15 functions to convert the 

signal selectively fed thereto from the volumes of the 
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10 
channel data input means 14 and the control function 
selecting switches into channel data of a digital signal to 
feed the data to the modulation signal output means 19. 
The frequency setting means 16 includes a plurality of 

keys arranged on a front side of the transmitter body 11 and 
functions to set, through operation of the keys, charmel 
frequencies indicating band sections de?ned in a frequency 
band used, to thereby determine a frequency of a carrier. 
The data storing means 17 is provided in a memory region 

of the control means 18 so as to store therein all channel 
frequency data indicating a plurality of band sections 
de?ned in a frequency band of each country. Also, the data 
storing means 17 functions to temporarily store therein 
frequency data which the control means 18 reads from the 
high frequency modules 12 at the time of rising of the power 
supply 13. 
The control means 18 includes a power supply discrimi 

nating means 18a for discriminating conditions of the power 
supply 13, a data reading means 181;, a module discriminat 
ing means 180, a data selecting means 18d, a dividing 
number varying means 18e, and an RF output control means 
18]‘. 
The power supply discriminating means 18a functions to 

discriminate ON/OFF of the power supply 13 which feeds a 
drive signal required for each of circuit operations, to 
thereby generate a data read enabling signal S1 for permit 
ting the data reading means 18b to read data during a period 
of time for which the power supply 13 is kept turned on. 
The data reading means 1817 reads the frequency data of 

the high frequency module 12 based on or depending on the 
data read enabling signal S1 fed thereto from the power 
supply discriminating means 18a. 
The module discriminating means 180 discriminates a 

type of the high frequency module 12 currently incorporated 
in the transmitter body 11 depending on the frequency data 
of the high frequency module 12 which the data reading 
means 18b read at the time of rising of the power supply 13. 
More particularly, when the data reading means 18b fails to 
read the frequency data, the module discriminating means 
18c judges that the high frequency module 12 is a crystal 
type high frequency module 12A; whereas when the former 
reads the frequency data, the latter judges that the high 
frequency module 12 is a PLL high frequency module 12B, 
to thereby feed a discrimination signal S2 to the data 
selecting means 18d, dividing number varying means 182 
and the modulation signal output means 19. 
The data selecting means 18d selects one channel fre 

quency data corresponding to the frequency data of the high 
frequency module from the channel frequency data stored in 
the data storing means 17 and then feeds the channel 
frequency data selected to the dividing number varying 
means 18s, when the discrimination signal S2 which indi 
cates that the PLL high frequency module 12B, is incorpo 
rated in the transmitter, body 11 is fed from the module 
discriminating means 180 to the transmitter body 11. 
The dividing number varying means 18e feeds, to the PLL 

high frequency module 12B, dividing number data corre 
sponding to the frequency of the channel frequency data 
output from the data selecting means 18d, when the dis 
crimination signal S2 indicating that the PLL high frequency 
module 12B is incorporated in the transmitter body 11 is fed 
thereto from the module discriminating means 180. 
The'RF output control means 18f controls the RF signal 

output means 20 depending on a lock-in signal fed thereto 
from the PLL high frequency module 12B at the time of 
locking-on while the PLL high frequency module 12B is 
kept incorporated in the transmitter body 11. Alternatively, 
the RF signal output means 20 may be controlled at the time 
of unlocking. 
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The modulation signal output means 19 receives the 
discrimination signal S2 from the module discriminating 
means 180 to generate a modulation signal depending on 
channel data converted into a digital signal. 
The RF signal output means 20 transmits a high frequency 

signal S4 fed thereto from the high frequency module 12 in 
the form of transmission data from an antenna 21 depending 
on a control signal output from the RF output control means 
18f 
The crystal type high frequency module 12A and PLL 

high frequency module 123 are selectively detachably 
incorporated through a connection structure described below 
in the transmission body 11 depending on a channel fre 
quency set by the frequency setting means 16 of the trans 
mitter body 11. 
The crystal type high frequency module 12A includes an 

oscillator 22 and an RF amplifying means 23, resulting in 
forming a high frequency circuit. 
The oscillator 22 includes an oscillating vibrator (not 

shown) of a predetermined oscillating frequency and feeds 
an oscillation signal output from the oscillating vibrator to 
the RF amplifying means 23. 
The RF amplifying means 23 superimposes the modula 

tion signal output from the modulation signal output means 
19 of the transmitter body 11 on a carrier of an oscillation 
frequency determined by the oscillator 22 and feeds the high 
frequency signal S4 thus modulated to the RF signal output 
means 20 of the transmitter body 11. 
The PLL high frequency module 12B includes a fre 

quency data storing means 24 and a PLL oscillation control 
means 25 forming a PLL circuit in addition to the oscillator 
22 and RF amplifying means 23 which likewise cooperate 
with each other to form the high frequency circuit. 
The frequency data storing means 24 may comprise, for 

example, an electrically erasable/programmable read only 
memory (EEPROM) which is constructed so as to permit 
data to be electrically erasable or the like. In the frequency 
data storing means 24 may be stored band data indicating a 
frequency band of each country which is allowed to be used 
for remote control of a controlled unit or all channel fre 
quency data indicating a plurality of band sections de?ned in 
the frequency band of each country. For example, in the 
United States of America, the band data relate to a band of 
72 MHz and the channel frequency data relate to ?fty band 
sections de?ned in an area between 72.01 MHz and 72.99 
MHz in the 72 MHz band. 

The PLL oscillation control means 25 includes a fre 
quency demultiplier, a phase comparator, a low-pass ?lter of 
an A/D and D/A converter, a voltage control oscillator and 
the like, which are not shown in the drawings. The PLL 
oscillation control means 25 controls an oscillation fre 
quency of the voltage control oscillator depending on a 
phase difference between the oscillation signal of the oscil 
lator 22 and an output signal of the voltage control oscillator 
divided by the frequency demultiplier, wherein a dividing 
ratio is variably set by the dividing number data fed from the 
dividing number varying means 18e of the transmitter body 
11 and the carrier of the oscillation frequency locked on 
depending on the dividing ratio thus set is fed to the RF 
amplifying means 23. 
The RF amplifying means 23 superimposes the modula 

tion signal from the modulation signal output means 19 of 
the transmitter body 11 on the carrier from the PLL oscil 
lation control means 25 to carry out high frequency ampli 
?cation and feeds the high frequency signal S4 thus modu 
lated to the RF signal output means 20 of the transmitter 
body 11. 
Now, connection between the transmitter body 11 and the 

high frequency modules 12 will be described hereinafter 
with reference to FIGS. 2(a) to 3(1)). 
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The crystal type high frequency module 12A, as shown in 

FIGS. 2(a), 2(b) and 3(a), includes a module body 12a 
formed into a rectangular parallelopiped shape and a board 
26 for a high frequency circuit arranged in the module body 
12a. The high frequency circuit board 26 is mounted thereon 
with circuit parts such as the oscillator, RF amplifying 
means and the like which are electrically connected together, 
to thereby form a high frequency circuit. The module body 
12a is provided on a central portion of each of upper and 
lower walls thereof with a detachable pick~up element 27 
constructed into a leaf spring structure. 
The PLL high frequency module 12B, as shown in FIGS. 

2(a), 2(d) and 3(1)), includes a module body 12b formed into 
substantially the same con?guration as the module body 12a 
of the crystal type high frequency module 12A. The module 
body 12b is formed on a rear side thereof with a projection 
12c of a predetermined dimension or thickness H2, which is 
arranged so as to be laterally projected from inwardly 
extending shoulders 12d of a predetermined width H1 
formed on both sides of a rear wall of the module body 12b. 
The projection 12c is mounted therein with a PLL circuit 
board 28, which is then mounted thereon with circuit parts 
connected together, to thereby form a PLL circuit. The PLL 
circuit board 28 is electrically connected to the high fre 
quency circuit board 26 through a connector (not shown). 
The transmitter body 11, as shown in FIGS. 3(a) and 3(b), 

is formed on a rear side thereof with a mounting recess 11a 
for detachably mounting therein the high frequency modules 
12 (12A and 12B). The mounting recess 11a is formed at a 
portion thereof positionally corresponding to each of the 
shoulders 12d of the PLL high frequency module 12B with 
an inward shoulder 11aa. Also, the mounting recess 11a is 
provided with a ?rst terminal section 29 for connecting the 
high frequency circuit of the high frequency module 12 to 
the circuit parts in the transmitter body 11 and a second 
terminal section 30 for connecting the PLL circuit of the 
high frequency module 12 to the circuit parts in the trans 
mitter body 11 in a manner to vertically extend. 
The ?rst terminal section 29 may be constituted by, for 

example, an RF output terminal, a GND terminal, an RF 
monitor terminal, a power supply terminal and a modulation 
signal input terminal each of which may be in the form of a 
pin. The second terminal section 30 may include, for 
example, an RF output control terminal, a data input termi 
nal for the PLL, a clock terminal for timing of data input and 
a data latch terminal, as well as a terminal for introducing 
data from the EEPROM which is common to the PLL data 
input terminal and clock terminal. The terminals each may 
be formed of two pins constituting each system, resulting in 
the second terminal section being formed of eight pins. 
The ?rst terminal section 29 is formed into a length larger 

than the second terminal section 30. The ?rst terminal 
section 29 is so constructed that when the crystal type high 
frequency module 12A is mounted in the transmitter body 
11, the crystal type high frequency module 12A is position 
ally regulated by the shoulders llaa of the mounting recess 
11a, resulting in a connector 26a of the high frequency 
circuit board 26 being connected to only the ?rst terminal 29 
on the side of the transmitter body 11. When the transmitter 
body 11 is mounted therein with the PLL high frequency 
module 12B as shown in FIG. 3(b), the PLL high frequency 
module 128 is permitted to be ?tted in a lowermost portion 
of the mounting recess 11a without being positionally regu 
lated by the shoulders 11aa of the recess 11a, resulting in the 
connector 26a of the high frequency circuit board 26 and the 
connector 28a of the PLL circuit board 28 being connected 
to the ?rst terminal section 29 and the second terminal 
section 30, respectively. 
Now, the manner of operation of the transmitter of the 

illustrated embodiment constructed as described above will 
be described hereinafter. 



5,608,758 
13 

First, in the transmitter body 11, the data reading means 
18b carries out an operation for reading data of the high 
frequency module 12 at the time of rising of the power 
supply 13, to thereby judge whether or not it is possible to 
obtain data from the high frequency module 12 and more 
particularly judge whether the high frequency module 12 
mounted in the transmitter body 11 is the crystal type high 
frequency module 12A or the PLL high frequency module 
12B, depending on a state of connection between the ?rst 
and second terminals 29 and 30 for electrical connection of 
the transmitter body 11 with the high frequency module 12 
and the corresponding connectors 26a and 28a. 

Then, when it is judged that the crystal type high fre 
quency module 12A is incorporated in the transmitter body 
11, the modulation signal based on the channel frequency 
data is superimposed on the carrier of the oscillation fre 
quency of the oscillator 22, resulting in being subject to high 
frequency ampli?cation, so that the modulated high fre 
quency signal S4 is transmitted in the form of transmission 
data from the antenna 21 of the transmitter body 11. 
When it is judged that the PLL high frequency module 

12B is incorporated in the transmitter body 11, the following 
two operations are selectively executed depending on data 
stored in the frequency data storing means 24. 
One of the operations is carried out when band data 

indicating a frequency band peculiar to each country are 
stored in the frequency data storing means 24 of the PLL 
high frequency module 12B. In this case, the data storing 
means 17 of the transmitter body 11 has all channel fre 
quency data in frequency bands of a plurality of countries 
stored therein. Under such conditions, the data reading 
means 18b reads band data from the frequency data storing 
means 24 and one settable channel frequency data corre— 
sponding to the band data thus read is set through a key 
operation of the frequency setting means 16. 
The channel frequency data selected from the data storing 

means 17 by such setting causes the oscillation frequency of 
the PLL circuit to be varied to determine a carrier of the PLL 
high frequency module 12B. Then, the modulation signal 
based on the channel frequency data is superimposed on the 
carrier thus determined to amplify the carrier, so that the 
modulated high frequency signal S4 is transmitted in the 
form of transmission data from the antenna 21 of the 
transmitter body 11. 
The other operation is executed when channel frequency 

data of a frequency peculiar to a speci?c country are stored 
in the frequency data storing means 24 of the PLL high 
frequency module 12B. In this case, the data reading means 
18b reads the channel frequency data from the frequency 
data storing means 24 to cause the channel frequency to be 
stored in the data storing means 17. Subsequently, when the 
frequency setting means 16 is subject to key operation, 
resulting in one channel frequency data being set; channel 
frequency data corresponding thereto are selected from the 
data storing means 17. The channel frequency data thus 
selected permit the oscillation frequency of the PLL circuit 
to be varied to determine a carrier of the PLL high frequency 
module 12B. Then, the modulation signal based on the 
channel frequency data is superimposed on the carrier thus 
determined to amplify it, so that the modulated high fre 
quency signal S4 is transmitted in the form of transmission 
data from the antenna 21 of the transmitter body 11. 

Thus, in the radio control device of the illustrated embodi 
ment, the PLL high frequency module 12B includes the data 
storing means 17 in which the frequency data for variably 
controlling the frequency of the carrier are stored. Therefore, 
preliminary arrangement of the PLL high frequency module 
12B in which frequency data of each country are stored in 
the data storing means 17 permits the transmitter to be used 
as a transmitter of a frequency synthesizer system using a 
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carrier of a desired frequency as in the prior art by merely 
selectively exchanging the high frequency modules. 
The transmitter of the illustrated embodiment is so con 

structed that the conventional crystal type high frequency 
module 12A and PLL high frequency module 12B may be 
detachably selectively mounted in the mounting recess 11a 
of the transmitter body 11. Such construction permits the 
transmitter body 11 to be commonly used in both a country 
to which a frequency synthesizer type transmitter can be 
applied and a country which does not allow use of the 
frequency synthesizer type transmitter under the provision 
of a law or the like. Also, the transmitter of the illustrated 
embodiment selectively functions as both a crystal type 
transmitter and a frequency synthesizer type by merely 
exchanging the high frequency modules. 

Also, in a country to which a frequency synthesizer type 
transmitter can be applied, storing of required frequency 
data in the data storing means 17 of the PLL high frequency 
module 12B permits selectable frequency data to be readily 
restricted by selecting desired selectable channel frequency 
data depending on the frequency data thus stored. 

Referring now to FIGS. 4 to 6, a transmitter for a radio 
control device according to another or a second embodiment 
of the present invention and a pulse generating unit for the 
transmitter are illustrated. 

The transmitter generally designated at reference numeral 
41 in FIG. 4 generally includes a channel frequency data 
input means 42, a data changing-over means 43, and AID 
conversion means 44, a data storing means 45, a control 
means (CPU) 46, a PLL oscillation control means 47 and an 
RF modulation means 48. 

The channel frequency data input means 42 includes a 
volume 42a provided in correspondence to each of a plu 
rality of channels so as to cause an output voltage thereof to 
be varied in association with a stick (not shown) of the 
transmitter 41, resulting in feeding an analog signal depend 
ing on the amount of variation of the volume 42a to the data 
changing-over means 43. Also, the channel frequency data 
input means 42, when a controlled unit is, for example, a 
model airplane, includes function selecting switches 42b 
corresponding to the channels for actuating controlled ele 
ments of the controlled unit such as a switch for actuating a 
retractable landing gear, a ?ap actuating switch, a spoiler 
actuating switch and the like, resulting in feeding a signal 
depending on operation of the function selecting switches 
42b to the A/D conversion means 44. The data changing 
over means 43 is constituted by, for example, a multiplexer 
and the like and is adapted to selectively change over the 
analog signals corresponding to the channels output from the 
channel frequency data input means 42. 
The A/D conversion means 44 converts each of the analog 

signals successively fed thereto from the volumes 42a of the 
channel frequency data input means 42 through the data 
changing-over means 43 into channel frequency data which 
are a digital signal and feeds the data to the control means 
46 and a pulse generating unit 50 described hereinafter. 
Also, the AID conversion means 44 is fed with signals from 
the function selecting switches 42b of the channel frequency 
data input means 42 and likewise converts the signals into 
the channel frequency data which are a digital signal to feed 
the data to the control means 46 and the pulse generating 
unit 50. 
The control means 46 causes data on a PPM wave of 

which a duty ratio is variably set at every channel depending 
on the amount of operation of the channel by the pulse 
generating unit 50 to be stored in the data storing means 45. 
Also, the control means 46, when the transmitter 41 is 
actually operated to control a controlled unit, reads, from the 
data storing means 45, the PPM wave data corresponding to 
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the channel frequency data input thereto through the A/D 
conversion means 44 and feeds the PPM wave of a desired 
duty ratio to the RF modulation means 48. 
The PLL oscillation control means 47 includes a reference 

oscillator, a frequency demultiplier, a phase comparator, a 
low~pass ?lter of an A/D and D/A converter, a voltage 
control oscillator and the like and is adapted to control an 
oscillation frequency of the voltage control oscillator 
depending on a phase difference between a reference signal 
of the reference oscillator and an output signal of the voltage 
control oscillator divided by the frequency demultiplier. In 
the PLL oscillation control means 47 thus constructed, a 
dividing ratio is set depending on an allowed frequency set 
in a high frequency module (not shown) detachably mounted 
on a rear side of a body of the transmitter 41. The frequency 
may be, for example, a frequency of selected from a plurality 
of band frequencies de?ned in each of bands of 27 MHz and 
40 MHZ in Japan or in a band of 72 MHz in the United States 
of America. Then, a continuous main carrier of an oscillation 
frequency (central frequency F0) locked on depending on 
the dividing ratios thus set is fed to the RF modi?cation 
means 48. 

The RF modulation means 48 carries out frequency 
modulation of the continuous main carrier fed thereto from 
the PLL oscillation control means 47 by means of the PPM 
wave of a desired duty ratio read from the data storing means 
45 and high frequency ampli?cation of the continuous main 
carrier, which is then transmitted by an antenna 49. 
The pulse generating unit 50 functions to vary a one-shot 

pulse width of the PPM wave used as a signal for modulating 
the main carrier, to increase a variable range of a reset pulse 
and to optionally set a duty ratio between an level in one 
frame of the PPM wave and that of an “L” level therein. For 
this purpose, the pulse generating unit 50 includes a trans 
mission condition setting means 51, a pulse width operating 
means 52 and a PPM wave output means 53. 

The transmission condition setting means 51 functions to 
set various transmission conditions such as the central 
frequency P0 of the main carrier, a rate of a depth of 
modulation, a time period T1 of one frame, the number of 
channels, a channel pulse width T4 in a neutral state of each 
of the channels and the like. 
The pulse width operating means 52 detennines a one 

shot pulse width T2 and a reset pulse width T3 for each of 
channels depending on the transmission conditions set by 
the transmission condition setting means 51, so as to vary 
the duty ratio between the “H” level in one frame of the PPM 
wave and that of the “L” level depending on channel 
frequency data input thereto from the transmitter 41 through 
an input/output interface 54. 
The PPM wave output means 53 functions to vary the 

duty ratio of the PPM wave in one frame depending on pulse 
data operated by the pulse width operating means 52 to a 
desired value and then output it. More particularly, the duty 
ratio between the “H” level in one frame of the PPM wave 
and that of the “L” level during a time period T1 of one 
frame is varied to, for example, 50% depending on time data 
including the time period T1 of one frame, the number of 
channels, a one-shot pulse width T2 and a reset pulse width 
T3 and data on the PPM wave is fed through the input/output 
interface 54 to the control means 46 of the transmitter 41. 

In this instance, when modulation is carried out while in 
an adjustment step, the transmitter 41 is connected to the 
pulse generating unit 50 in an adjustment step, the trans 
mission condition setting means 51 of the pulse generating 
unit 50 sets the conditions that the central frequency F0, the 
rate of the modulation depth, the time period T1 in one 
frame, the number of charmels and the charmel pulse width 
T4 in the neutral state of each of the channels are set to be 
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72.79 MHz, il.5 KHZ, 22.5 msec, eight and 1520 psec, 
respectively, and a time constant of the low-pass ?lter is set 
to be a su?iciently increased value. An operation by the 
pulse width operating means 52, as shown in FIG. 5(a), 
results in the one-shot pulse width T2 at each channel 
between a ?rst channel and a seventh charmel and the rest 
pulse width T3 being 905 psec and 6945 psec, respectively. 

In the case of PPM modulation, a position at which the 
signal rises is considered, so that a position of rising of the 
one-shot pulse of each of the channels is determined depend 
ing on the channel frequency data input. Therefore, when the 
duty ratio between the “H” level in one frame of the PPM 
wave and that of the “L” level during the time period T1 of 
one frame is set to be 50%, operation of the pulse width 
operating means 52 results in a one-shot pulse width T2a at 
a last or eighth channel being 4915 psec. More particularly, 
a time period of a frequency at each of the “H” level and “L” 
level is set to be 11250 psec and the PPM wave output means 
53 generates a PPM wave having a duty ratio of 50%. Data 
on the PPM wave are fed to the control means 46 of the 
transmitter 41 and then stored in the data storing means 45. 
The second embodiment is so constructed that in the 

transmission condition setting means 51, the time period T1 
of one frame is set to be 22.5 msec and the channel pulse 
width T4 is set to be within a range between, for example, 
920 psec and 2120 usec depending on the channel frequency 
data (for example, the amount of operation of the volume). 
Also, the one-shot pulse width T2 is set to be, for example, 
450 psec or more so as to be distinguishable from noise and 
the reset pulse width T3 is set to be 5000 psec or more. 

Further, the pulse generating unit 50 carries out operation 
of the one-shot pulse width T2 and reset pulse width T3 of 
each of the charmels so that a desired duty ratio of, for 
example, 50% may be obtained at any value of the channel 
pulse width T4 of each channel between a maximum value 
of the channel pulse width T4 and its minimum value. 

Thus, the pulse generating unit of the illustrated embodi 
ment is so constructed that the one-shot pulse width T2 and 
reset pulse width T3 of each of the channels are constantly 
operated depending on the channel frequency data fed 
thereto from the channel frequency data input means 42 
while being kept connected to the transmitter 41, to thereby 
optionally vary the duty ratio between the “H” level in the 
time period T1 of one frame and the frequency of the “L” 
level therein. Such construction, when the pulse generating 
unit is applied to the transmitter 41 while setting the duty 
ratio at 50%, effectively prevents radio interference due to 
overlapping between channel frequencies while eliminating 
a deviation of the central frequency F0 (FIG. 6) as encoun 
tered with the prior art irrespective of any depth of modu 
lation. Also, when the duty ratio is set to be 50%, side band 
characteristics of a transmission output of the PPM wave are 
permitted to be laterally symmetric, resulting in being 
improved. 

Referring now to FIGS. 7 to 9, a receiver for a radio 
control device according to a further embodiment of the 
present invention is illustrated. 
The receiver of the illustrated embodiment is adapted to 

be mounted on a remotely controlled unit or a radio control 
model such as, for example, a model airplane, a model 
vehicle, a model ship or the like and generally includes a 
power supply 61, an antenna 62, a ?rst ampli?cation means 
63, a frequency selecting means 64, a frequency varying 
means 65, a mixing means 66, a second ampli?cation means 
67, a condition detecting means 68, a storing means 69, and 
a control means (CPU) 70. The frequency varying means 65, 
condition detecting means 68, storing means 69 and control 
means 70 cooperate with each other to constitute a fre 
quency setting means 71. 

Also, the receiver of the illustrated embodiment employs 
a heterodyne detection system which is adapted to mix a 
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signal to be received and a signal fed from the frequency 
varying means 65 with each other, reduce a signal which was 
subject to frequency conversion to an intermediate fre 
quency for ampli?cation and then carry out detection, so that 
a receive frequency is determined by regarding a frequency 
of the frequency varying means 65 ?xedly set at the time of 
rising of the power supply as a local oscillation frequency. 
The ?rst ampli?cation means 63 comprises an RF ampli 

?er and functions to subject 'a signal received through the 
antenna 62 to high frequency ampli?cation and then feed it 
to the mixing means 66. 
The frequency selecting means 64 may comprise, for 

example, two rotary type dip switches 64a and 64b, which 
are juxtaposed to each other in a recess 72a of a receiver 
body 72 covered with a lid 73 as shown in FIG. 8. Also, the 
dip switches 64a and 64b each are constructed so as to select 
band information corresponding to a desired frequency by 
turning an adjustment portion 6411 with respect to a switch 
body 64c on which numerals of “0” to “9” are equally 
graduated. The hand information selected is fed through an 
interface 74 to the control means 70. More particularly, 
selection of the frequency is carried out by adjusting the 
adjustment portions 64d of the switches 64a and 64b while 
turning them by means of a drive or the like in such a manner 
that a combination of graduations indicated by pointers 64da 
of the adjustment portions 64d coincides with the number of 
bands. For example, the adjustment is carried out by posi 
tioning the pointer 64da of the left-hand switch 64a at a 
graduation “6” and the pointer 64da of the right-hand switch 
64 at a graduation “5”. 
The frequency varying means 65 includes a reference 

power supply 65a, a frequency demultiplier 65b, a phase 
comparator 650, a low-pass ?lter of an AID and D/A 
converter designated at reference numeral 65d and a voltage 
control oscillator 65s which constitute a PLL circuit and 
functions to compare a phase of an output of the voltage 
control oscillator 65:: divided by the frequency demultiplier 
65b with a phase of a reference signal, to thereby control a 
frequency of the voltage control oscillator 65e and its phase 
depending on a phase difference therebetween according to 
a feedback procedure. More particularly, in the frequency 
varying means 65, a dividing ratio l/N of the frequency 
demultiplier 65b is set by a dividing number setting signal 
S33 output from the control means 70 described below 
depending on the hand information of the frequency select 
ing means 64 at the time of turning-on of the power supply 
61 and then phase comparison between an output fv/N of the 
voltage control oscillator 65e divided by the dividing ratio 
l/N thus set and a reference signal fr from the reference 
oscillator 65a is carried out in the phase comparator 650 to 
obtain an error signal. Then, the error signal is integrated on 
the low-pass ?lter 65d, followed by being converted into an 
error voltage, so that a frequency fv of the voltage control 
oscillator 65:: may be controlled by a DC voltage propor 
tional to the error voltage, resulting in an output signal 
locked to the frequency fv (=N-fr) n (n: integer) times as 
large as the reference signal fr based on the dividing ratio 
llN of the frequency demultiplier 65b being fed to the 

~ mixing means 66. 

The mixing means 66 functions to mix the above-de 
scribed signal which has been subject to high frequency 
ampli?cation through the ?rst ampli?cation means 63 with 
the signal from the voltage control oscillator 65:: of which a 
frequency is ?xedly set and then feed the signal thus mixed 
to the second ampli?cation means 67. 
The second ampli?cation means 67 comprises an IF 

ampli?er and functions to reduce the signal mixed in the 
mixing means 66 to an intermediate frequency, resulting in 
the signal being ampli?ed. The signal thus ampli?ed is 
subject to processing by a processing circuit (not shown) and 
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then used for driving a servo circuit of each of the channels 
connected through an output connector 76 of the transmitter 
body 72 and controlling operation of controlled elements of 
a controlled unit. 
The condition detecting means 68 is adapted to detect 

ON/OFF of the power supply 62 for feeding each of circuits 
with a required drive signal. For this purpose, the condition 
detecting means 68 functions to feed the control means 70 
with a frequency setting enabling signal S31 for allowing 
changing-over of the dividing number of the frequency 
demultiplier 65b during a period of time for which the power 
supply 61 is kept turned on. 
The control means 70 includes a frequency discriminating 

means 70a, a data processing means 70b, a preset means 70c 
and a dividing number varying means 70d. 
The frequency discriminating means 70a functions to 

check whether or not band information fed from the fre 
quency setting means 64 through the interface 74 to the 
control means 70 corresponds to frequency group data 
usable (for example, bands of 27 MHZ and 40 MHZ). When 
the band information corresponds to the usable frequency 
group data, the frequency discriminating means 70a carries 
out discrimination on whether or not the frequency by the 
band information corresponds to a normal frequency to 
thereby feed a data uptake enabling signal to the data 
processing means 70. 

The data processing means 70b receives the band infor 
mation from the frequency selecting means 64 depending on 
the data uptake enabling signal S32. When a frequency of 
the band information corresponds to the normal frequency, 
the data processing means 70b causes frequency data of the 
band information to be stored in the storing means 69 while 
being distributed among addresses de?ned in the storing 
means so as to cause the number of a desired band section 
in each of bands and the number of each of the switches 64a 
and 64b acting as the frequency selecting means 64 to be 
equal to each other. 
The present means 700, when the frequency of the band 

information fails to correspond to the normal frequency, 
causes preset frequency data indicating a maximum or 
minimum value of a frequency in the same band to be stored 
in the storing means 69. 
The dividing number varying means 70d functions to 

output the dividing number setting signal S33 corresponding 
to the frequency stored in the storing means 69 by the data 
processing means 70b or preset means 70c, to thereby vary 
the dividing number of the frequency demultiplier 65b 
depending on the frequency setting enabling signal S31 from 
the condition detecting means 68. In the frequency demul 
tiplier 65b, the dividing number setting signal S33 causes the 
dividing ratio UN to be determined and input of the fre 
quency setting enabling signal S31 to be stopped, so that 
receive frequency based on the dividing ratio UN is kept 
?xedly set until the vpower supply is then turned on. 
Now, the manner of frequency setting operation of the 

receiver of the illustrated embodiment will be described 
hereinafter with reference to FIG. 9. 

First, the switches 64a and 64b acting as the frequency 
selecting means 64 are operated to select a frequency desired 
(STEP 1);*For example, when a frequency (40.65 MHz) of 
a band section “65” in a band of 40 MHz is to be selected, 
the pointer 64da of the left-hand switch 64a (FIG. 8) is set 
to a graduation “6” and the pointer 64da of the left-hand 
switch 64b is set to a graduation “5”. Then, the power supply 
61 of the receiver is turned on (STEP 2—Yes), the receiver 
checks the usable frequency group data stored (STEP 3). 

Then, the band information selected by the switches 64a 
and 64b are introduced (STEP 4) and whether or not a 
frequency of the band information corresponds to the normal 
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frequency is judge (STEP 5——Yes). When the frequency 
corresponds to the normal frequency (STEP 5), frequency 
data corresponding to the band information are stored in the 
storing means 69 (STEP 6). When the frequency does not 
correspond to the normal frequency (STEP 5—No), the 
preset frequency data preset at a maximum or minimum 
value of a frequency in a band (for example, a band of 40 
MHz) in the same group are stored in the storing means 69 
(STEP 7). 

Then, dividing ratio of the frequency demultiplier 65b is 
determined on the basis of the frequency data or preset 
frequency data stored in the storing means 69 (STEP 8). 
Subsequently, a frequency locked on at the dividing ratio is 
set as a receive frequency (STEP 9), which is ?xed until the 
power supplied is turned o? (STEP 10). 

Thus, the receiver of the illustrated embodiment is so 
constructed that the receive frequency is set based on the 
frequency data selected by the switches 64a and 64b acting 
as the frequency selecting means 64 at the time of rising of 
the power supply and the receive frequency is ?xed until the 
power supply is then turned off. Such construction effec 
tively prevents the receive frequency set once from being 
intentionally or accidentally varied due to disturbance such 
as vibration, misoperation or the like, to thereby improve 
reliability of the receiver. 
The receiver of the illustrated embodiment may be addi 

tionally provided with a timer means and constructed in such 
a manner that feeding of the frequency setting enabling 
signal S31 to the control means 70 is delayed so as to pemrit 
a change in frequency by the switches 64a and 64b of the 
frequency selecting means 64 to be carried out until a 
predetermined period of time elapses after turning-on of the 
power supply 61. The predetermined period of time may be 
as long as tens seconds. 

While preferred embodiments of the invention have been 
described with reference to the drawings, obvious modi? 
cations and variations are possible in light of the above 
teachings. It is therefore to be understood that within the 
scope of the appended claims, the invention may be prac 
ticed otherwise. 
What is claimed is: 
1. A radio control device comprising: 
a transmitter in which both a crystal type high frequency 
module operating at a frequency band of a carrier and 
a high frequency module having a PLL (phase-locked 
loop) circuit for controlling a frequency of the carrier 
depending on a phase difference between the carrier 
and a reference signal of an oscillator are detachably 
mounted; 

said transmitter being provided with a pulse generating 
unit including a pulse width operating means and a 
PPM (pulse position modulation) wave output means; 
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said pulse width operating means determining each of 

pulse data having a one-shot pulse width for each of 
channels of a PPM wave and a reset pulse width, based 
on manually set channel frequency data and for modu 
lating a main carrier of which an oscillation frequency 
is controlled depending on a phase difference between 
the reference signal and a dividing signal; 

said PPM wave output means changing a duty ratio of the 
PPM wave to a desired value depending on the pulse 
data operated by said pulse width operating means and 
outputting it; and 

a receiver employing a frequency synthesizer system in 
which a PLL circuit for controlling an oscillation 
frequency depending on a phase difference between the 
reference signal and the oscillation frequency is used; 

said receiver including a frequency selecting means for 
selecting a required frequency from a plurality of 
predetermined frequency data and a frequency setting 
means for setting a receive frequency on the frequency 
selected by said frequency selecting means when a 
power supply is turned on; 

an output of said receiver being controlled by a wave 
received from said transmitter. 

2. A transmitter for a radio control device, comprising: 
a transmitter body; 

a crystal type high frequency module operating at a 
frequency band of a carrier and detachably mounted in 
said transmitter body; and 

a PLL (phase-locked loop) high frequency module having 
a PLL circuit for controlling a frequency of the carrier 
depending on a phase difference between the carrier 
and a reference signal of an oscillator and detachably 
mounted in said transmitter body; 

said transmitter body including a ?rst terminal section 
electrically connected to a selected one of said crystal 
type high frequency module or PLL high frequency 
module when said crystal type high frequency module 
or PLL high frequency module is mounted in said 
transmitter body and a second terminal section electri 
cally connected to said PLL circuit only when said PLL 
high frequency module is mounted in said transmitter 
body; 

said transmitter transmitting data at a desired frequency 
which is set depending on data output from the selected 
high frequency module mounted in said transmitter 
body. 


